ABSTRACT YAC lymphoma cells were treated with the mutagen N-methyl-N'-nitro-N-nitrosoguanidine and then cloned and subeloned. Of 51 clones, 3 were selected for further study. Tenfold more natural killer (NK) effector cells were required to lyse YAC clone 6 and subclone 6-28 cells compared with clone 19 cells or the YAC parent cell line. The maximum plateau level ofcytolysis of the NK-resistant (NKR) variants (20%) never approached that of the NK-sensitive (NKS) variants or YAC parental cells (60%) even after prolonged incubation (20 hr). NK variants appeared with equal frequency (0.10) on cloning YAC cells that had not been treated with mutagen but these variants were highly unstable with respect to NK sensitivity and were not studied further. Cytolysis of both NKR and NKs lines was mediated by nylon-nonadherent asialo-GMI' effector cells, and effectors from poly(I)-,oly(C)-boosted mice preferentially lysed the NKs lines. The NK alteration did not appear to change the NK target structure (NK-TS): (i) unlabeled NK cells competed equally with NKS cells in reciprocal unlabeled-target competition assays; (ii) the frequency oftarget-effector conjugates was identical with NKR or NKs lines; and (iii) normal rabbit serum, which contains antibodies thought to react with the NK-TS, reacted equally against both NKR and NKS targets. The NKR alteration was selective for NK cells and did not result in a resistance to lysis in general; NKR and NKS variants were equally susceptible to (i) cytolysis mediated by alloimmune or lectin-dependent effector T cells and (ii) antibody-and complement-mediated lysis. These results are compatible with the hypothesis that the NKR variants have an altered acceptor site on the target cell membrane that normally binds the "Iytic moiety" delivered by the effector cell.
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One ofthe key questions in the study ofnatural killer (NK) cells concerns the properties of the target cell that render it susceptible to cytolysis (1) . Although the target structure that is recognized by NK cells (NK-TS) has been isolated (2) and the expression of NK-TS is known to be a necessary condition for cytolysis (3, 4) , there are undoubtedly other factors involved in this complex series of events, such as susceptibility to interferon-mediated protection (5) and membrane hydrophobicity (6) . Another possible target cell feature that could influence its sensitivity to cytolysis would be the presence of a putative acceptor for the NK "lethal hit" moiety, as schematized in ref. 3. To test this possibility, we set out to derive variants ofYAC cells that might exhibit independent alterations in either the NK-TS or the putative acceptor site.
The method chosen for mutagenesis was based on studies by Boon and Kellermann that showed that a high frequency (10%) of stable antigenic variants could be obtained from mouse tumors by a combination of mutagenesis and cloning (7) . We report here that some clones derived from YAC 19 or the YAC parent even after 20 hr of incubation and, therefore, it is unlikely that NK resistance by the YAC variants merely reflects a kinetic difference in cytolysis. These clones maintained this pattern of NK sensitivity for >1 year in culture. Analysis of another 50 clones from YAC that had not been treated with mutagen showed an equal frequency (0.10) of partially (5-fold) NKR clones but these clones were highly unstable and returned to parental levels of NK sensitivity within 6 weeks (unpublished data). Therefore, only the mutagen-derived clones were studied further.
Nature of NK Resistance. Two kinds of experiments were performed to determine whether partially NKR YAC clones sim- Mice were untreated or injected intravenously 24 hr before assay with 100 ug of poly(I)-poly(C). Spleen cells pooled from three mice in each group were passed over nylon wool columns and tested in a 6-hr assay for cytolysis of 51Cr-labeledYAC targets. Values represent mean lytic units per 107 cells + SD at 25% lysis calculated from six-point effector titration curves. This experiment was repeated twice with similar results.
ply expressed less of the relevant target structure.
In target competition experiments, it was found that unlabeled target cells from the partially NKR clones 6 and 6-28 were similar to unlabeled YAC parent cells in inhibiting NK-mediated lysis of 5"Cr-labeled NKs clone 19 or YAC parent on a per cell basis (Fig. 2 A and B) . Clone 19 was the most efficient competitor, whereas P815-2, an NK-insensitive target, did not compete at all at competitor/target ratios <5:1. The partially NKR clones 6 and 6-28 were more sensitive to competition in general, which may be related to the lower level of cytolysis in control wells lacking competitors. The competitive effectiveness of NKs or NKR targets, however, was similar.
These results were confirmed by directly counting the frequency oflymphocytes forming conjugates with the various target cells. As shown in Table 2 , nylon-passed spleen cells were equally capable of binding the YAC parent or clones 19, 6, and 6-28, whereas the NK-insensitive target P815-2 was bound to a lesser extent (4% vs. 22%). Most (75%), but not all, targetbinding cells have previously been shown to represent cytolytically active NK cells (3, 4) but the method is subject to a 10-20% variation and would not be expected to detect subtle changes in the target structures recognized by NK cells. (---) . Cultures were harvested and tested in a 6-hr 51Cr release assay in the presence of Con A at 2.5 ,ug/ml. Values 'Dilution of anti-Ly 5.1 antiserum yielding 50% lysis in the presence of rabbit complement.
Cells were incubated for 1 hr at 4°C with heat-inactivated (56°C, 30 min) normal rabbit serum, washed, and incubated forProc. NatL Acad. Sci. USA 78 (1981) ognized and bound to NKR and NK' cells to an equal extent as indicated by equal frequencies of target-binding cells. Finally normal rabbit serum, which has been shown to contain an antibody that may react with the NK-TS (10), reacted equally well with NKR and NKs cells. These results suggest that the NK resistance of the. NKR clones is not due to inadequate recognition or contact by NK cells. We then asked whether NKR simply reflected a membrane alteration rendering the cells generally more resistant to any form of lysis. It was found however, that cytolysis of NKR cells was normal when mediated by (i) alloimmune T-killer cells educated in vitro or in vivo, (ii) lectin-dependent killer T cells activated in vitro or in vivo, or (iii) antibody and complement. Therefore the NKR mutation does not reflect a general resistance to lysis but rather a selective resistance to NK cytolysis. This is not surprising; mutations at the effector level have been described in the postbinding cytolytic pathway that are selective for NK cells and not other. effectors such as T cells or macrophages (14) . Each effector cell type therefore must have a distinct cytolytic mechanism and possibly distinct classes of lytic molecules as well.
Other changes in the YAC cells. have almost certainly occurred due to the mutagenic treatment by MNNG. For example, the cell di-vision time and saturation density in the NKR clones was lower than in the NKs clone or the YAC parent. Minor differences were also observed in the ability of the cell lines to stimulate secondary mixed lymphocyte cultures in vitro. NKR cells were better stimulators than NKS cells (unpublished observation). The relationship, if any, of these cell properties to NK resistance is not known. In addition, it is notknown whether or not NK resistance is under genomic control. Due to the relatively high frequency of NK variants obtained (10-'), it is likely that NK resistance is under epigenetic control. It is instructive to consider the somatic cell genetics of NK resistance resulting from an absence of the NK-TS. When NKs YAC cells were fused with a variety of NK-insensitive cell lines (e.g., A9HT), the hybrid was not NKs and did not express NK-TS, whereas H-2 and viral antigens were codominantly expressed (15, 16) . In hybrids between NKR (P3Hr-1) and NK (K562) human cell lines, however (17) , NK sensitivity in the hybrid was intermediate (15) . It is not possible, therefore, to generalize concerning the genetic control of these "antigen-loss" variants or the postulated "acceptor-site" variants in the present study. Based solely on their high frequency of occurrence, however, we suggest that NK resistance due to acceptor-site alteration is analogous to certain differentiation states, such as immunoglobulin expression, that are readily suppressed. The acceptor site could simply be masked and indeed other workers have demonstrated a "counterlytic" mechanism in fibroblasts that is dependent on protein synthesis (18) . In addition, we cannot exclude the possibility that NKR clones may have some cytoplasmic alterations in metabolism that render them more resistant to NK-mediated cytolysis. Other workers, using repeated cycles ofpositive selection (i.e., NK killing) in vitro and in vivo have derived NKR variants ofYAC (19) and L5178Y (20) that lack the NK-TS for recognition. These antigen-loss variants represent a class of variants distinct from the putative Ag' acceptor-site variants described here.
In summary, we have characterized a partial, but selective, NKR variant ofYAC that should be useful in further delineating the cytolytic pathway of the NK cell. Two predictions can be made. The NKR clones should exhibit greater tumorigenicity than NKs clones in syngeneic NK-cellrbearing mice as demonstrated by Lavrovsky and Viksler with L cell variants (21) . Finally, NKR clones should be less suceptible to lysis by soluble "toxins" released from NK cells.
Note Added in Proof. Preliminary two-dimensional gel electrophoresis of YAC clone 19 and clone 6 shows a difference in at least one protein and that both of these cell lines differ from parental YAC.
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